Introduction: Recent studies have suggested reducing the dose submandibular glands receive when patients undergo head and neck radiotherapy can play a crucial role in preventing xerostomia. However, they are traditionally not spared due to concern that target coverage may be compromised. We investigated the possibility of sparing the contralateral submandibular gland (cSM) by utilising modern planning techniques. Methods: 10 head and neck patients previously treated with conformal therapy at our centre were retrospectively planned using intensity modulated radiation therapy (IMRT), and volumetric modulated arc therapy (VMAT). Each patient was prescribed 70 Gy in 35 fractions to the primary volume, with 56 Gy delivered to the elective nodal areas. The primary objective was to spare the cSM gland using appropriate dose constraints. Results: Mean dose to the cSM gland was reduced to an acceptable dose level (39 Gy) for all patients replanned using an IMRT or VMAT technique, without compromising planned target volume (PTV) coverage or other critical structures. VMAT was able to reduce the mean dose to 31.5 AE 5.5 Gy compared to 34.5 AE 4.8 Gy of IMRT and offered improved plan conformity. Conclusion: Sparing the cSM gland is possible using IMRT and VMAT planning, whilst preserving coverage on the elective PTV. This has produced a change in protocol in our department, more focus placed on sparing the SM glands. VMAT is a viable alternative method of delivering treatment and will be utilised when required.
Introduction
Highly conformal radiotherapy often with concurrent chemotherapy is regarded as standard care for many patients presenting with locally advanced head and neck cancer. Treatment volumes are often large to facilitate coverage of all gross disease and the at risk cervical nodes, which often mandates bilateral neck irradiation. As technology has evolved, so has the potential dose reduction to adjacent critical structures. Intensity modulated radiation therapy (IMRT) planning enables high doses to be delivered in a conformal pattern to the target area. Despite these advancements, xerostomia remains a regular and morbid toxicity experienced by patients following head and neck radiotherapy. This may result in dysphagia, eating and speaking difficulties, increased risk of dental caries and osteoradionecrosis, and can have a significant impact on the quality of life. [1] [2] [3] [4] [5] The occurrence and severity of xerostomia has been linked to the mean radiation dose received by the salivary glands during radiotherapy. The parotid gland produces around 65% of stimulated saliva and studies have shown that by reducing the parotid dose, the incidence of xerostomia can be decreased. 6, 7 Limiting the mean dose to less than 26 Gy has become standard practice in head and neck radiotherapy. The submandibular glands have been the subject of far less research, but their importance to salivary function is beginning to be recognised. Whilst the parotid glands are the major producer of stimulated saliva, the submandibular glands are responsible for up to 90% of the unstimulated saliva. It is reasonable to assume therefore that minimising submandibular gland dose may improve background salivary function. [2] [3] [4] [5] 8 MurdochKinch et al. 4 examined the dose-response relationship for the submandibular gland (SM) gland and reported an exponential reduction in salivary output beyond a dose threshold of 39 Gy. Salivary recovery was seen to be higher over a 2 year period, when the mean dose was kept under this mark.
Sparing the submandibular glands however can be more difficult than sparing the parotid glands, as they frequently overlap the elective nodal volume (Fig. 1) . It has been suggested that it may be possible to reduce the dose to the contralateral submandibular gland (cSM) where the overlap is often less due to the distance from the primary disease. 9 Our institution currently uses IMRT for the majority of our radical H&N patients and volumetric modulated arc therapy (VMAT) has also recently been commissioned for clinical use. An IMRT/VMAT program is only acceptable with a robust image guided radiation therapy program with respect to issues at planning of immobilisation and at treatment with image guidance techniques. 10 The advantage of IMRT over conventional radiotherapy for parotid sparing has been extensively reported with clinical reduction in xerostomia demonstrated.
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IMRT is however associated with increased treatment delivery time which can impact on both patient compliance and departmental workflow.
VMAT, which delivers IMRT through the use of arcs, can achieve shorter treatment times, potentially improving overall accuracy via increased patient compliance and reduced intrafraction movement. 4, [12] [13] [14] [15] This planning study aimed to assess and compare the ability of IMRT and VMAT to reduce the contralateral submandibular dose without compromising target coverage. A secondary objective of the study was to observe overall treatment time and monitor units (MUs) delivered, considering the benefit to patient and departmental workflow.
Method
Ten patients treated with conformal radiation for locally advanced head and neck carcinoma between 2010 and 2012 at our centre were replanned using IMRT and VMAT, with a specific planning goal to spare the cSM. Two radiation oncologists reviewed and edited the target and organ at risk volumes for each of the plans to reduce variables in contouring. They were planned to two dose levels using a simultaneous integrated boost with 70 Gy delivered to the primary volume (PTV boost) and 56 Gy to the elective nodal areas (PTV elect). The primary volume included all gross tumour volume and involved lymph nodes with an anatomically modified 5 mm margin applied for the clinical target volume and a further 5 mm to achieve our planned target volume (PTV). The elective volume consisted of at risk nodal areas with a 5 mm margin applied for setup error. The PTVs were clipped at 5 mm from the patient surface to prevent optimisation problems in the build-up region. The spinal canal, brainstem, parotid glands, oral cavity and submandibular glands were also delineated or adjusted as required, with a 3 mm margin applied to the spinal cord and brainstem to produce a planning risk volume (PRV), accounting for any daily variation in treatment position. The primary endpoint of this study was to compare IMRT and VMAT planning techniques in reducing the mean dose to the contralateral submandibular gland, without impacting on target volume coverage. Planning parameters included limiting the dose to the spinal canal and brainstem as the highest priority with a maximum dose of 48 and 54 Gy assigned to the respective structure. The objective for the primary and elective PTVs was to deliver 95% (V95) of the prescribed dose to 99% of the volume. Dose exceeding 110% was assessed via a conformity index (CI 95%) for the primary volume to assess the homogeneity of the plan. The CI 95% was calculated by dividing the volumetric area (cc) covered by the 66.5 Gy isodose by the volume of the primary PTV. Other dose objectives included a mean dose <26 Gy to both parotid glands where possible, and a mean dose of <45 Gy to the oral cavity for involved volumes. Assuming these goals were met, an attempt was made to reduce the mean dose of the cSM (and ipsilateral submandibular gland (iSM) where possible) to <39 Gy.
The same radiation therapist specialised in head and neck planning optimised each plan, to limit any variability posed by planning experience. The IMRT plans were optimised on the Pinnacle 3â planning system version 9.0 (Phillips Medical Systems, Madison, WI) using seven coplanar fields of 6 MV. Direct machine parameter optimisation functionality was utilised in conjunction with the collapsed-cone dose-calculation algorithm with a maximum of 70 segments per plan with
Step-and-Shoot delivery. The dose grid was set to 3 mm in all directions. Optimisation for the two plans followed a similar process, with minimum and maximum dose constraints used for the PTVs, spinal cord and brainstem. The dose to the remaining critical structures (parotids, SM gland and oral cavity) were generally controlled using an equivalent uniform dose constraint set to the uninvolved region of the structure. This allowed the dose to the structure to be minimised, without impacting on PTV coverage. A standard conformal dose ring (1 cm outside planning volumes) and normal tissue structure were used to improve plan conformity and manage dose to other adjacent critical structures.
VMAT planning utilised the SmartArc functionality and employed a single 360 degree arc, consisting of 91 control points and 6 MV energy. Varying gantry speed and dose rate were available for treatment delivery. Both IMRT and VMAT plans were able to be successfully delivered on an Elekta Synergy Linear Accelerator with 1 cm multi-leaf collimator leaves. Each plan was timed from the commencement of first beam to the completion of the last MU to establish an overall beam-on time.
The data were collated and compared using Microsoft Excel (2013), with a paired sample t-test utilised to determine which elements were of statistical significance.
Results
Clinically acceptable plans for IMRT and VMAT were achieved for all 10 patients included in the study, with each plan deliverable on an Elekta Linac. All plans were quality approved by our physics department and clinically approved by the radiation oncologist in accordance with the standard protocols outlined for IMRT planning. The planning data were compared for each technique and reached significance for the submandibular glands, conformity and number of MUs (Table 1) .
Submandibular glands
The dose to the cSM gland met the <39 Gy threshold for 100% (n = 10) of patients using IMRT or VMAT. The VMAT plan produced a mean dose of 31.5 AE 5.5 Gy, compared to 34.5 AE 4.8 Gy for the IMRT plan. The dose to the iSM gland also provided improved sparing on the ipsilateral gland with the VMAT plan, with a mean dose of 57.8 AE 13.1 Gy compared to 59.4 AE 13.0 Gy on the IMRT plan. The difference in dose for the cSM and iSM glands reached statistical significance with a P-value of 0.004 and 0.011 respectively. Only one dataset however were able to achieve the target constraint of 39 Gy mean dose for iSM gland, achieved by both the VMAT and IMRT plans. 
Target coverage
All plans received acceptable levels of coverage for the PTV boost and PTV elect.
Spinal cord and brainstem
All plans achieved the target objective to the structure and the respective PRV's for both spinal cord and brainstem.
Parotid glands
Dose received by the parotid glands was similar between the two techniques, with a mean dose of <26 Gy achieved in 80% (n = 8) for the treatment plans within the cohort. In the remaining two plans, only the objective for the contralateral parotid gland could be met, with the ipsilateral side overlapping with the PTV boost.
Oral cavity, normal tissue and conformity
The oral cavity objective (mean 45 Gy) was achieved for 80% (n = 8) of the patient cohort using each technique. There was no specific tolerance stated for healthy tissue but a ring and normal tissue structure was used to obtain plan conformity and hence no regions of greater than 50% were observed (35 Gy) at distance from the PTV volume (Fig. 2) . VMAT proved to be more effective in achieving conformity, on average producing a CI 95% index of 1.41 compared to 1.54 for IMRT. The global max point of the plan was also generally seen to be 2-3 Gy lower on the VMAT plan.
Treatment times and monitor units (MUs)
The VMAT plans reduced both the MU's delivered and treatment delivery time. Treatment times were on average 68% quicker, with an average VMAT treatment completed in 170 sec compared to an average IMRT beam-on time of almost 9 min.
Discussion
Xerostomia remains a morbid side effect for patients receiving radiotherapy to their head and neck region, which can have a significant impact on quality of life.
Traditionally, research has focused on the role of the parotid gland in producing saliva, however recently reports have highlighted the importance of unstimulated saliva from the submandibular glands. IMRT has been shown to reduce xerostomia following radiotherapy through parotid sparing. This study assessed the ability to also spare contralateral submandibular dose with both IMRT and VMAT planning techniques. The number of participants in the comparison was restricted due to the limiting nature of the inclusion criteria and being a single institution study. Results were similar between the techniques for many parameters but clinically and statistically significant differences were seen in three key areas, despite the small sample size.
The VMAT plan obtained an average mean dose of 31.5 Gy, compared to 34.5 Gy on the IMRT plan. This relates directly back to our primary objective and demonstrates that sparing the cSM is possible using either IMRT or VMAT, however the latter shows a significantly better result. A mean dose constraint <39 Gy to the submandibular gland was selected based on the work of Murdock-Kinch et al. 4 that suggested that mean doses above 39 Gy resulted in negligible unstimulated salivary flow. This suggests that the submandibular gland is less radiosensitive than the parotid gland, and enables a constraint that is clinically achievable without impacting on target coverage. Alternatively Deasy et al. 16 suggest when possible, the mean submandibular gland dose should be kept to <35 Gy. For this report, the benchmark was set at 39 Gy with intent to reduce the dose to a low as possible without impacting target coverage. To be clinically approved, the V95 for each PTV in this series was required to be >99%. The PTV coverage was similar between plans for both dose levels. This was expected as identical dose level constraints were utilised for each Figure 2 . Typical dose distribution for intensity modulated radiation therapy and VMAT plans aimed at sparing the cSM gland on sample axial cross-section. The planned target volume (PTV) boost volume is delineated in red, the PTV elect is delineated in blue. The submandibular glands are outlined in pink. The dose to the cSM was reduced to a mean dose of under 39 Gy whilst preserving target coverage. The isodose lines highlight the improved conformity on the VMAT plan, with the yellow 45 Gy and light purple 35 Gy isodose closely following target volume, also lowering the mean dose to the structure. Purple -73.5 Gy, Red -70 Gy, Cyan -66.5 Gy, Light Green -53.2 Gy, Yellow -45 Gy, Light Purple -35 Gy. technique. On average the PTV70 retained an increased numeric value compared to the elective volume (PTV56). This can be explained by the intent of the study to minimise dose to the cSM which frequently overlaps with the elective nodal volume. This resulted in an occasional underdosage in a small volume of the PTV elect (0-0.5 cm³), more commonly with the IMRT plans, however the D99 for the elective PTV remained above 53.2 Gy (95%). It was covered by 90% of the prescribed dose in all cases and it occurred where the PTV elect overlapped with the contralateral SM volume. This "underdosing" was more significant in the IMRT plans. Dooenart et al. 3 observed similar dosimetric findings but reported no local recurrences in this region. To negate this effect, Dooenart et al. 3 extended the planning PTV in this region by 2 mm and reported an improved V95 with negligible impact on the cSM dose, whilst Houwelling et al. 9 evaluated the minimum dose to 1 cc of the PTV elect, as an alternative to assessing the D99. This ensured the entire PTV received an adequate dose. Neither method was applied in this study, but may merit discussion in determining future planning guidelines.
Alternatively, once the required objectives were achieved for the remaining organs at risk, they were not optimised further, leading to a greater level of dose coverage for the primary volume.
PTV conformity was also significant with the plan conformity (CI 95%) superior in the VMAT plan. The plan hotspots were reduced in the VMAT plans, with a reduction seen in both the size and intensity of the high dose regions. It is intuitive that VMAT produced a more conformal result. The increased number of beam angles allows the dose to be conformed more tightly around the PTV producing greater target homogeneity and improved sparing of organs at risk (Fig. 2) . Single arc VMAT was used in this case to test the capability of the optimiser. This technique was more than sufficient at providing a homogenous treatment plan with improved conformity and organ sparing, compared to a 7field IMRT plan.
The beam time for the VMAT plans was reduced by 6-7 min when delivered on an Elekta Synergy linac, encouraging increased patient compliance, reduced risk of intrafraction movement and improved workflow. Monitor units were also significantly reduced based on results of the study. Other publications have reported higher reductions in MU's delivered which could be explained by these studies utilising different optimisation and/or delivery techniques for IMRT. 4, [12] [13] [14] [15] It is noted that some studies have suggested that a single arc is not adequate for more complex head and neck plans, however that is beyond the scope of this report, and would need to be evaluated on a case by case scenario. 13, 14 The results of this series have altered planning practices in our department. The cSM is now routinely volumed for dose sparing where clinically appropriate. Greater investigation into the clinical effect on unstimulated saliva flow, xerostomia and quality of life scores is warranted given that such dose sparing is technically achievable with both IMRT and VMAT techniques. VMAT will be further investigated as a department standard due to its potential to reduce treatment times, improving compliance and accuracy, whilst preserving plan quality.
Conclusion
Sparing the cSM gland is feasible using IMRT and VMAT planning, whilst preserving required coverage on the elective PTV. VMAT offered improved tissue sparing plan conformity and potential improved throughput compared to IMRT. Collaboration with other disciplines will be investigated to determine the impact on long-term salivary function and quality of life.
